Introduction
Patients, their concerns and experiences of treatment and beyond are taking centre stage in clinical trials with patient-centricity increasingly forming the focus for many trial sponsors [1] . The common currency for capturing the views of the patient (concerning their symptoms, functioning, quality of life) is patient-reported outcomes (PROs). PROs are provided directly by patients with no mediation from others, such as family, friends and medical practitioners [2] .
These PRO instruments used to collect patient-centred data are standardised, validated tools that have been demonstrated to reliably capture patient responses and changes in health status/symptoms/ quality of life consistently over time.
Many PROs have been used in clinical trials for numbers of years, however, developing guidance from healthcare regulatory agencies [2, 3] has placed a higher hurdle on criteria PROs are required to fulfil in order to support product claims. This guidance has placed a significant emphasis on patient involvement in the early development of PRO and has highlighted the potential shortcomings of "legacy" instruments -those PROs developed prior to the regulatory guidance, many of which were created with little input from patients.
While the intention was to enhance the ability of PROs to capture patient-centric data the guidance has had some unintended consequences. For instance, there have been fewer PRO-based labelling claims granted in recent years [4] with issues around the content validity (i.e. whether a PRO measure all the major aspects relevant to the patient's condition) being cited as one of the major reasons for claims being rejected [5] .
Although it may be argued that the frequent and widespread use of legacy PROs is, in itself, evidence of instruments being fit for purpose [6] , it is clear that with ever faster moving advances in medicines and treatments, and within an era of personalised medicine, new PROs are required that make use of new approaches and developments in technology.
This idea is by no means a new one, earlier commentators [7] foresaw a future where PROs in clinical trials would be based on or drawn from item banks -large sets of individual questions covering the breadth and depth of symptom domains far beyond legacy instruments and where computer-adaptive data collection (i.e. systems that present questions from PROs contingent on previous patient responses) would enable PROs to be tailored specifically to the individual patient.
These computer-adaptive tests (CAT) would be shorter, better-targeted, and consequently more efficient instruments for obtaining patient-centric data. These CAT systems are based on statistical techniques known collectively as item-response theory (IRT) models. These models differ from traditional approaches to PRO development by focussing on individual items in the measurement of latent traits, rather than the PRO in its entirety.
Latent traits are unobservable constructs, such as pain, that may be viewed as a spectrum. PRO responses by patients aim to measure where on the spectrum a particular patient falls with respect to a latent trait, and some traits may be measured using multiple complementary items. The focus on items used in approaches such as IRT modelling lends itself to a number of potential benefits, allowing us to pinpoint where https://doi.org/10.1016/j.conctc.2018.11.005 Received 8 August 2018; Received in revised form 7 November 2018; Accepted 9 November 2018 the item falls along the latent trait in relation to others, thus enabling PRO instruments to be developed that cover the full range of latent trait using the minimal number of items.
What IRT models allow then is to determine where items fall along this latent trait. This means for instance, that items from existing PROs can be assessed using IRT to determine where they fall along the latent trait, additional items can be added from other measures or through further input from patients and experts to fill gaps and ensure that items cover the entire latent trait, and in such a way large items banks are created.
Once these items banks have been created where the location of each individual item is known along the latent trait, PROs can be developed into multiple equivalents (parallel) fixed or static versions (i.e. the same combination of items is presented to patients) or into computer-adaptive tests (CAT), where the next item to be drawn from the item bank and presented is dependent on the patient's previous response.
PROs and CAT systems developed in this way using IRT models are estimated to at least halve the number of items required to determine patients' point or "score" along the latent trait [8] . Typically, the static versions of PROs developed based on item banks only comprise 4 to 10 items (contrast this, as an extreme example with, for instance, legacy instruments such as the Sickness Impact Profile [9] consisting of more than 100 items).
As these instruments cover the whole spectrum of the latent trait researchers can avoid overestimating (floor effects) and underestimating (ceiling effects) patients' health status, while reducing questionnaire burden (through fewer, but more relevant items) and increasing specificity (health domains tailored to individual patients).
The Patient-reported Outcome Measurement Information System (PROMIS) was established in 2004 with funding from US National Institutes of Health (NIH) [10] [11] [12] . The aim of this initiative is to develop reliable, valid PROs with increased precision, using IRT to overcome the shortcomings of legacy instruments.
The PROMIS instrument development process includes use of focus groups and cognitive (in-depth) interviews with patients, community samples and experts to ensure that the items cover the area or concept of interest in sufficient depth and breadth [(www.healthmeasures.net)]. This means that regulatory criteria for content validity are met and ensures that along with the quantitative ("psychometric") validation that the instruments are fit for purpose.
The PROMIS initiative to-date has primarily, but not exclusively, focussed on domains, rather than specifically on disease or health conditions. The approach by PROMIS then, is a combination of generic set of tools, not specific to any particular medical condition, but falling within the broad themes of Physical, Mental and Social Health. For instance, the PRO domains for adult respondents are specific to functions, behaviours, emotion and symptoms. However, there are sets of instruments with the PROMIS system that are disease-specific. For instance, PROMIS-Cancer incorporate items for Physical Activity, Fatigue and Anxiety associated with cancer. There are additional suites of items and instruments, including the Neuro-QOL, assessing quality-of-life in neurological disorders, and ASCQ-Me, designed for use with adults with sickle cell disease.
In general, therefore, PROMIS is a move away from disease-specific PROs towards more generic -but domain-specific PROs. Item banks have been developed, validated and calibrated for these domains, typically comprising fewer than 100 items for each domain for use in computer-adaptive tests, as well as static versions of 4, 5 and 6 items that have been selected from the item banks to provide the greatest range of coverage of the latent trait with the fewest items. The PROMIS system utilises standardised scores, i.e. the T-score metric (mean of 50, and standard deviation of 10), which has been referenced against large sample of the general population in the United States. The system also comprises guidelines on meaningful change, all of which facilitates interpretation and comparisons across patient groups.
In terms of the current state of affairs regarding the use of PROMIS within clinical trials, a search on ClinicalTrials.gov (accessed July 2018) showed just under 900 registered trials including the PROMIS system with 27 trials recorded as including CAT versions of the system. Similarly, the number of published studies with computer-adaptive testing is in excess of 100. Many of these studies include the (further) development and validation of the PROMIS system, as well as other PRO instruments, and cover a wide range of medical conditions and surgical interventions. However, less than a handful of these published studies involved randomized controlled trial (RCT) designs [13, 14] .
While it may seem that there is still some way to go before computer-adaptive systems are fully incorporated within RCTs, the number of upcoming and ongoing trials (ClinicalTrials.gov) suggests that the tide may be turning towards more CAT in clinical trials. Recognition of the PROMIS system and the various associated instruments by the FDA will certainly facilitate and potentially expedite further adoption in clinical trials. An example of the latter is the fact that the PROMIS Physical Function scale has been included in the FDA Clinical Outcomes Assessment (COA) Compendium 1 -a list of those PRO instruments that have been used in clinical trials and may be used to potentially support labelling claims -for use in patients with sarcopenia, as well as in oncology.
The promise that computer-adaptive testing potentially holds in terms of providing shorter, more accurate and relevant computeradaptive tests is, therefore, in sight.
